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and liming in the lowe
By R. N. G l e n c r o s s , Senior Research Officer and M. G. Clarke,
Technical Officer, Albany Regional Office
In the 375 to 750 millimetre rainfall area of the
Lower Great Southern, reports of loss of
subterranean clover from established pastures,
reduced carrying capacity for sheep and
increasing soil acidity lead to the establishment
in 1981 of a research programme into the
effects of soil acidity on pasture productivity in
that region.

• The map shows the 1982
pH survey area and areas
with potential acid soil
problems.

Soil acidity s u r v e y
A major soil acidity survey of the Katanning,
Kojonup, Cranbrook, Frankland, Mt Barker,
Rocky Gully, Kalgan Valley, South Stirlings and
Manypeaks areas was completed in 1983 (see
map). Four hundred and fifty-four soil samples
were collected along transects in five subregions in the Lower Great Southern. Soil pH
was measured in water and calcium chloride
solution, and soil type, vegetation and
topography were recorded.
Two per cent or less of nearly all the soils
surveyed had pH values less than 4.4/5.0*. The
exception was the Manypeaks-South Stirlings
area in which nine per cent of the soils
measured pH 4.4/5.0 or lower. In this area
about 60 per cent of the soils were less than pH
4.6/5.3.
Acid soils were also common in the Kalgan
Valley area. The pH values of about a quarter to
a third of the soils sampled were less than pH
4.6/5.3. In other sub-regions studied, the pH
values of up to 20 per cent of soils were less
than 4.7/5.3.
Generally, the soils of the southern Manypeaks
area and, to a lesser extent, in the Woogenellup
area were acid enough to warrant experimental
work with lime. Soil acidity was not considered
to be of concern in the Mt Barker, Frankland,
Katanning and Kojonup areas, though small
areas of more acid soils do occur in each
district. In the Mt Barker and Cranbrook
districts, acid soils are the poorer sandy soils,
generally scattered and small in area and of less
agricultural importance. Most gravel soils were
not very acid.

*In this article, the first pH measurement given is in dilute
calcium chloride solution, the second in water.

Changes in soil pH caused by farming systems
were also studied. Soil samples were collected
from paddocks and from adjacent uncleared
areas and their pH measured.
Soil pH fell by an average of 0.24 units, with a
sub-regional range from 0.16 units at Katanning
to 0.39 units at Mt Barker. The fall in pH for
individual samples from cultivated soils was 0.70
to zero pH units compared with virgin land.
In four soils studied, pH varied over small
changes in depth (Table 1), with the surface 2.5
to 5 centimetres layer less acid than the subsoil.
Acid subsoil layers could create problems in the
interpretation of the pH results of 0-10 cm soil
samples. These layers are likely to influence
plant root growth, rhizobia nodulation, nitrogen
fixation and nutrient uptake. Not all soils
however had acid subsoil layers.
Lime trials
The responses of various acid soils to liming
were studied from 1981-82. Soils were chosen
from information from preliminary surveys, or
because farmers had identified them as problem
or lime responsive soils.
The trials were conducted mainly in the Kalgan
Valley and on the South Stirlings-Manypeaks
sandplain. Soils were black, grey and brown
sands or sandy loams overlying gravel from the
surface to more than 50 cm deep, with clay
varying from 15 cm to one metre deep.
There were four types of trials, three on
pastures and one on crops.
• Lime trials in conjunction with experiments
on the effects of applications of phosphorus,
sulphur and potassium on plant growth.
• Lime and molybdenum trials.
• Rates of lime trials.
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Figure 1. Effect of different
rates of lime on clover
yields on a black sandy soil.

• A barley crop at
Woogenellup.
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• Rates of lime trials on rapeseed and barley
which are sensitive to soil acidity.
Experimental treatments were applied to small
plots. In some trials, lime was applied to the
surface, and in others it was mixed in the top
10 cm of soil in the crop phase before resowing
to subterranean clover.
Results
There were 26 trials on 19 sites in five broad soil
types. Results from 1981-83 showed large
responses (greater than 15 per cent increase in
growth) on three soils with smaller responses
(less than 15 per cent) on five others. The
results are shown in Table 2.
The responses to liming old land pastures are as
follows.

Subterranean clover developed manganese
deficiency symptoms and seed set was severely
reduced at higher rates of lime applied to these
soils. Lime should therefore not be applied
indiscriminately because the problems
associated with manganese deficiency may
outweigh any advantages from lime.

Seed 1983
1)
Umesanci (t ha!

4

Table 1. Variations in pH (in water) with soil d e p t h
Depth
(cm)
0-2.5
2.5-5.0
5.0-10.0
10.0-15.0
15.0-20.0
20.0-25.0
Gravel/clay

Black sand
over gravel
at 30 cm

Grey sand/
pale sand
to 50 cm
and more

Brown loamy
sand to gravel
at 20 cm

Brown loamy
sand to clay
at 20 cm

5.3
4.9
4.8
4.8
4.8
4.8

5.4
5.4
5.2
5.1
5.0
5.0

5.4
5.0
4.9
5.1
5.4

5.5
5.4
5.2
5.2
5.4

5.7

5.6

Table 2. Summary of liming r e s p o n s e s in trials (1981-83).
Soil type

Black sands

Black sandy soils have gravel or a hard pan at
15 to 30 cm deep and a pH of 4.4/4.9 in the top
10 cm. There were small responses in spring
pasture growth and seed set in the first or
second year after application of up to about one
tonne per hectare of lime (Figure 1). Responses
were greater without added sulphur fertiliser.

Seed 1982

^=SBft»

Black sands over gravel
25-50cm
Brown sands—loamy sands
over gravel or clay 15-30 cm
Grey sands over deep pale sand
gravel or clay 80 100 cm
Grey sand over gravel 20-50 cm
Gravelly surfaced soils over
dense gravel or clay
Total

SoilpH
(water)
010cm

No. of
sites

4.9-5.1

Pasture growth in
response to lime
Large*

Small*

None

2

0

2

0

4.9-5.5

7

2

1

4

5.1-5.6
5.0-5.5

2
4

0
0

1
0

1
4

5.0-5.8

4

1

1

2

19

3

5

11

*Large—all responses over 15%; small—responses variable or less than 15% increase in dry
matter production.

The plant growth response on this soil type was
probably caused mainly by mineralisation of
sulphur and possibly nitrogen from soil organic
matter. This effect may be short lived. The use
of appropriate fertilisers is likely to give equally
good growth responses at a lower cost than
lime.
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Brown sands/loamy sand
Brown loamy sands have gravel or clay within
10 to 20 cm of the surface. These soils vary in
each paddock from sandy to gravelly surfaced
soils, with a pH of 4.3/5.2 in the top 10 cm.
Liming these soils gave very variable results.
Plant growth responded on some soils from up
to about two tonnes per hectare added lime, but
on other apparently identical soils there was no
response. On some sites, responses did not
appear for some years after liming; they did not
develop every year and sometimes disappeared
in spring (Table 3). Autumn or winter growth
responses often appeared as denser stands of
grass and clover, or as improved grass colour
and vigour. On some sites, limed clover
pastures also withstood false breaks better than
unlimed ones.
Non-wetting tests on some sites suggest that
liming reduces the non-wetting properties of
these soils. At high rates of lime some clover
plants developed manganese deficiency and
pasture growth and seed production were
reduced.
There was no response to molybdenum
applications on any site.
Grey sands/gravelly soils
A common southern sandplain soil is the grey
sand over white bleached subsoil with gravel
50cm deep or more. These soils vary from acid
to almost neutral, with the deeper sands, windblown sand and more southern soils being most
acid. Trial sites had a surface (10 cm) pH of
4.2/5.1.
Subterranean clover growing on the most acid
of these soils responded to large applications of
lime without applied molybdenum, phosphorus,
sulphur and potassium. Responses were much
smaller when these nutrients were sufficient for
plant growth. Sandy surfaced soils with gravel
within 30 cm of the surface did not respond to
lime.
Responses to lime appeared mainly in winter,
particularly in the density and growth of rye
grass. Responses in spring growth and seed
production from added potash (potassium) and
molybdenum were more important than
responses to liming.
Table 3. Effect of lime and molybdenum applied in 1981 on pasture growth,
expressed as a percentage of the control.
Treatment
Control
Lime (lt/ha)
Molybdenum (150g/ha)
Lime + Molybdenum

Spring
1981

Winter
1982

Spring
1982

Winter
1983

Spring
1983

100
82
91
87

100
116
104
114

100
142
114
142

100
147
110
163

100
115
99
111

C r o p s and other p a s t u r e s p e c i e s
Neither barley nor rapeseed, which are both
reputed to be intolerant of soil acidity,
responded to applied lime in the first or second
year on three major soil types of pH 4.9 to 5.2
(in water). On the same soils, field peas
responded slightly and there was no response in
lupins.
Some species of medics, which are also
sensitive to soil acidity, responded to lime where
there was no response in subterranean clover.
Circle Valley medic (Medicago polymorpha) on
a brown loamy sand (pH 5.1, unlimed) grew well
and persisted after the application of three
tonnes per hectare of limestone and
inoculation with acid tolerant rhizobia, but
Jemalong medic failed even under these
conditions.
Liming a n d t r a c e e l e m e n t s
During the research into soil acidity and lime the
effect of changing pH on the availability of trace
elements was studied.
Plant tissue analysis showed that special
attention will have to be given to manganese
levels for sensitive crops and pasture production
on some soil types particularly in the
Woogenellup-Manypeaks area. Copper and zinc
levels were also affected by liming but to a lesser
extent than manganese.
Also of concern is the effect of liming on
molybdenum and cobalt levels in pasture
species. Both nutrients are important in animal
health.
On one site, 2.5t/ha applied lime increased
plant tissue molybdenum levels from 1.6 to
2.2 ppm and decreased cobalt levels from 0.08
to 0.03 ppm. As the levels of molybdenum
increase, they must balance with those of
copper, whereas cobalt levels fall in response to
a pH change with liming.
Discussion
About half the soils tested in the Lower Great
Southern benefited from liming, but many plant
growth problems would be overcome by
appropriate phosphorus, sulphur, potassium
and molybdenum nutrition. Lime also increased
clover seed yields on some sites, but on many
others manganese deficiency caused by overliming reduced both dry matter and seed yields.
There were no significant responses to
molybdenum on old land. Molybdenum
previously applied by farmers probably has a
good residual value, even on the acid soils
studied.
There are many reasons for poor plant growth
caused by soil acidity. The reasons for the
responses to liming in the Lower Great
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Southern are not yet understood, but they
could be linked to the role of nitrogen, either in
clover nodulation or soil mineralisation, or the
effects on soil wetting properties.
Measurement of soil pH in the 0-10 cm layer is
not a good indicator of lime responsiveness.
Manganese deficiency can be induced by liming
some south coast soils, especially in the
Manypeaks-Kalgan Valley area, thus reducing
the growth of cereals and the growth and seed
production of clover. This effect may persist for
several years after liming.

Table 4. Effect of rate of lime on trace element concentration of clover
on black sandy soils.
Rate limesand
t/ha
Trace elements in
clover leaf petiole
Manganese
Molybdenum
Copper
Zinc

Nil

0.25

0.5

1.0

2.0

4.0

8.0

31.3
1.7
11.7
60.3

24.0
1.6
11.7
51.3

21.7
2.2
11.3
53.7

ppm
18.3
2.3
10.7
48.0

20.0
2.2
11.0
54.7

15.7
2.5 .'
10.7
51.0

13.7
3.1
11.3
49.3
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Breeding
wheat varieties
FOR

oils
By I. R. Barclay, Plant Breeder, Division of
Plant Production
Wheat uarieties with improved tolerance of acid
soils could increase yields by perhaps 20 per
cent or more over a substantial area of
Western Australia's eastern wheatbelt.
Aluminium toxicity is probably the main cause
of poor root growth and therefore reduced
yields on these soils.

Aluminium t o l e r a n c e
The wheat varieties grown today are
intermediate between barley, which is sensitive
to acid soils, and oats which tolerates them.
Wheat varieties differ in their tolerance of high
levels of aluminium. Most Australian wheats, for
example Egret and Warigal, are sensitive to high
levels of aluminium. Gamenya is less sensitive,
as is Olympic and Eagle.
The best aluminium tolerance is found in wheat
varieties from Brazil. No Australian wheat can
match the tolerance of Brazilian wheats such as
Cotipora or Carazinho, which have a tolerance
equivalent to that of the oat varieties commonly
grown here. But, in other respects, these
Brazilian wheats are not adapted to the eastern
wheatbelt. They have a relatively low yield
potential in this environment, are of poor
agronomic type and have red grains.

The Department of Agriculture has started a
breeding programme to incorporate greater
tolerance of aluminium into varieties for the
eastern wheatbelt.
The use of a root tip staining technique in the
laboratory has simplified the screening of early
generations of breeding lines for aluminium
tolerance.
Varieties tolerant of aluminium tend to
accumulate less aluminium in their root tips
than less tolerant varieties. This accumulated
aluminium can be easily seen by staining with
the dye hematoxylin.
The germinating seedlings are put into a
solution containing aluminium for a few hours,
stained with hematoxylin and the pattern of root
tip staining noted. The seedlings with the
heaviest stains—the aluminium intolerant
lines—are then eliminated before field testing.
Breeding lines
The University of Western Australia has cooperated with the Department of Agriculture in
screening breeding material by this method.
Breeding lines which show improved tolerance
of aluminium are being tested in field trials. This
level of tolerance is still well below that of the
Brazilian wheats, and further crossing and
selection of lines with higher levels of tolerance
has started.
The benefits of having tolerant wheat varieties
are likely to be considerable. About 25 per cent
of the eastern wheatbelt soils have subsoils
which are acid enough to restrict root growth
and reduce crop yields. Tolerant wheat varieties
will be better adapted to these soils.

• The wheat seedlings
showing the darkest
staining in the root tips are
sensitive to aluminium and
are eliminated from the
breeding programme.
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